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Summary
Border disease virus (BDV) is a patho-
gen primarily infecting sheep and goats; 
however, infections in cattle, pigs, and 
wild ruminants have also been reported. 
Interspecies transmission of BDV occurs 
through close contact among infected 
animals. In this case report, we describe 
the detection of BDV in tonsil, mesen-
teric ganglia, and blood samples from 
piglets with severe clinical disease. 
Genetic characterization of evaluated 
samples resulted in the identification of 
BDV genotype 1 in Mexico. This repre-
sents the first report of BDV detected in 
pig populations in Mexico. Therefore, 
circulation of this virus in nonruminant 
populations should not be discarded.
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The Pestivirus genus is comprised 
of 4 major viral species named bo-
vine viral diarrhea virus (BVDV) 

type 1, BVDV type 2, classical swine fe-
ver virus (CSFV), and border disease vi-
rus (BDV), currently reclassified as Pes-
tivirus A, Pestivirus B, Pestivirus C, and 
Pestivirus D, respectively. Together with 
an increasing number of additional Pes-
tivirus species detected in domestic and 
wild animals, at least 11 viral species are 
recognized within the genus and named 

A through K.1 Bovine viral diarrhea vi-
rus and BDV can infect multiple domes-
tic and free-ranging wildlife species. In 
contrast, CSFV is restricted to members 
of the Suidae family.2,3 The capability of 
pestiviruses to cross species barriers, a 
high viral mutation rate, and the poten-
tial to generate persistently infected (PI) 
animals allow it to persist in affected an-
imal populations. However, diverse clin-
ical presentations may result depending 
on the individual immune response or 

from differences in the cross-protective 
immune response.4 While BDV is consid-
ered an infectious agent for sheep and 
goat disease, it can cross-infect cattle, 
pigs, and nondomesticated species.5,6 
Border disease is a viral disease associ-
ated with reproductive manifestations 
including abortions, fetal mummifica-
tions, stillbirths, barren ewes, birth 
of weak and PI lambs, abnormal body 
conformation, and immunosuppres-
sion. The seroprevalence rates in sheep 

Resumen - Identificación del virus de 
la enfermedad de la frontera en cerdos 
naturalmente infectados en México

El virus de la enfermedad de la frontera 
(VEF) es un patógeno que infecta prin-
cipalmente a las ovejas y las cabras; sin 
embargo, también se han reportado 
infecciones en bovinos, cerdos y rumi-
antes salvajes. La transmisión del VEF 
entre especies ocurre a través del con-
tacto cercano entre animales infectados. 
En este reporte de caso, describimos la 
detección del VEF en amígdalas, gan-
glios mesentéricos, y muestras de san-
gre de lechones con enfermedad clínica 
grave. La caracterización genética de las 
muestras evaluadas dio como resultado 
la identificación del genotipo 1 del VEF 
en México. Este representa el primer 
reporte del VEF detectado en poblacio-
nes porcinas en México. Por lo tanto, no 
debe descartarse la circulación de este 
virus en poblaciones no rumiantes.

Résumé - Identification du virus de la 
maladie des frontières (Border disease) 
chez des porcs naturellement infectés 
au Mexique

Le virus de la maladie des frontières 
(BDV) est un agent pathogène qui infecte 
principalement les ovins et les caprins 
; cependant, des infections chez les 
bovins, les porcs et les ruminants sau-
vages ont également été signalées. La 
transmission inter-espèces du BDV se 
produit par contact étroit entre animaux 
infectés. Dans ce rapport de cas, nous 
décrivons la détection du BDV dans les 
amygdales, les ganglions mésentériques, 
et les échantillons de sang de porcelets 
atteints d’une maladie clinique grave. 
La caractérisation génétique des échan-
tillons évalués a permis d’identifier le 
génotype 1 du BDV au Mexique. Il s’agit 
du premier signalement de BDV détecté 
dans des populations porcines au Mex-
ique. Par conséquent, la circulation de 
ce virus dans les populations d’espèces 
non-ruminantes ne doit pas être écartée.
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vary depending on geographic regions 
and animal husbandry.7 Morbidity and 
mortality rates vary with age or stage 
of infection, strain virulence, and the 
infected host species.8 Transmission of 
BDV to pigs is possible and most likely 
occurs through contact with PI animals, 
albeit the source of viral infection can-
not always be determined.9 Studies in 
the Netherlands described BDV as the 
predominant pestivirus infecting pig 
populations where BDV was isolated.10,11 
Clinical presentations are usually mild; 
nonetheless, they may range from as-
ymptomatic to clinically severe. More-
over, congenital transmission in piglets 
and hemorrhagic lesions in pigs have 
also been previously reported.10,12 This 
case report details the detection and 
characterization of BDV infection in pig-
lets with severe clinical signs.

Animal care and use
This study was conducted at the Mexico-
United States Commission for Prevention 
of Foot-and-Mouth Disease and Other 
Exotic Animal Diseases (CPA) according 
to good production practices in pig farms 
manual implemented by the Ministry of 
Agriculture and Rural Development.

Case description
The affected farm was in Tlaxcala, 
Mexico. The rural farm kept a total of 
139 Pietrain × Yorkshire crossbred pigs 
under a semi-intensive production farm-
ing system, where the breeding herd 
was kept outside, allowing them to feed 
on natural vegetation in fenced enclo-
sures, and piglets were housed in indoor 
pens. Diagnosis of infectious pathogens 
and vaccination protocols were poorly 
performed; therefore, the epidemio-
logical status of endemic diseases was 
unknown. Over 6 days in August 2021, 
fifteen 45-day-old piglets developed clini-
cal signs including fever, anorexia, ca-
chexia, cyanosis, prostration, and death. 
Previous close contact with ruminants is 
unknown, and no other small ruminants 
or cattle were housed on the farm. Upon 
the onset of clinical signs, sick animals 
were isolated in separate pens off-site. 
Other biosecurity strategies were imple-
mented including cleaning and disinfec-
tion of all areas, control protocols for 
entry and exit, and use of personal pro-
tective clothing. 

Necropsy findings from 2 animals in-
cluded hemorrhagic lung lesions and 
fibrosis, pleuritis, and petechial hemor-
rhages in the jejunum, ileum, bladder, 

and kidney surface epithelium. Four 
serum samples from sick animals and 
tissue samples of brain, tonsil, kidney, 
spleen, and mesenteric ganglia from 1 
dead animal were collected and submit-
ted for diagnosis to the Immunology, 
Cellular and Molecular Biology Labora-
tory at CPA and reported as case number 
CPA-12362-21. Prior to the disease event, 
no evidence of related clinical manifes-
tations was registered on the farm or the 
neighboring farms. 

Diagnosis and laboratory 
findings
Initially, the differential diagnosis in-
cluded CSFV, African swine fever virus 
(ASFV), and pseudorabies virus (PRV), 
which were ruled out by negative real-
time quantitative reverse transcriptase- 
polymerase chain reaction (qRT-PCR) 
results. Subsequently, qRT-PCR was per-
formed to detect additional viruses that 
display similar clinical signs, such as 
porcine epidemic diarrhea virus (PEDV), 
porcine circovirus type 2 (PCV-2), por-
cine circovirus type 3 (PCV-3), transmis-
sible gastroenteritis virus (TGEV), and 
porcine reproductive and respiratory 
syndrome virus (PRRSV); results were 
negative. End-point RT-PCR was used to 
assess BDV and BVDV presence in tissue 
samples, and BDV-positive results were 
obtained from the spleen, kidney, tonsil, 
and mesenteric ganglia tissue samples. 

In addition, a pool of tissue samples was 
submitted to the National Center for  
Diagnostic Services in Animal Health 
(CENASA) for complementary qRT-PCR 
and polymerase chain reaction (PCR) 
testing for porcine parvovirus (PPV), 
Senecavirus A (SVA), porcine rubula- 
virus (PoRV), influenza A virus (IAV),  
Actinobacillus pleuropneumoniae, 
Brachyspira hampsonii, Brachyspira hyo-
dysenteriae, Erisypelothrix rhusiopathiae, 
Mycoplasma, Mycoplasma hyopneumoniae, 
Pasteurella multocida, and Salmonella. All 
tests were negative except for PPV.

Virus isolation attempts from BDV- 
positive tissue samples, performed 
under the procedure described in the 
Manual of Diagnostic Tests and Vaccines 
for Terrestrial Animals13 at the Biosafety 
Level 3 Cell Culture Laboratory at CPA 
were unsuccessful. Serum from animals 
positive for BDV by RT-PCR was further 
analyzed using a virus neutralization 
test (VNT) and enzyme-linked immuno-
sorbent assay (ELISA) for the presence 
of specific antibodies; negative results 
were obtained from both assays. 

Due to BDV-positive pigs and new mor-
tality cases on the described farm, and 
in accordance with epidemiological sur-
veillance, an examination was carried 
out on the farm 3 days after BDV was 
first detected. Five whole-blood samples 
from clinically healthy animals and ton-
sil, liver, kidney, spleen, and mesenteric 
ganglia samples from 1 dead piglet were 
collected and submitted to the CPA for 
viral testing, with results reported in 
case number CPA-12574-21. The piglet 
that presented with clinical disease and 
death, similar to those from the initial 
report, was immediately diagnosed as 
BDV positive using end-point RT-PCR. 
Border disease virus was detected in 3 of 
5 whole-blood samples using end-point 
RT-PCR. Further, BDV RNA was detected 
in mesenteric ganglia and liver samples. 
However, attempted BDV isolation from 
the collected tissue samples was unsuc-
cessful. Serological testing for BDV-
specific antibodies by ELISA and VNT 
was negative. Similarly, samples were 
negative for CSFV, ASFV, PRV, PEDV, 
PCV-2, PCV-3, TGEV, and PRRSV using 
the qRT-PCR technique. Subsequently, a 
pool of tissue samples was submitted for 
diagnosis of PPV, SVA, PoRV, IAV, A pleu-
ropneumoniae, B hampsonii, B hyodysente-
riae, E rhusiopathiae, Mycoplasma, M hyo-
pneumoniae, P multocida, and Salmonella. 
The pool of tissue samples was positive 
for PPV and Mycoplasma using PCR.

For further characterization of BDV 
from these cases, mesenteric ganglia 
and tonsil samples from case CPA-12362-
21 and mesenteric ganglia and whole-
blood samples belonging to case CPA-
12574-21 were selected for additional 
analysis. Positive RT-PCR products from 
each case were sequenced by the Sanger 
method. The 4 partial Npro nucleotide 
sequences were individually deposited 
in GenBank under accession numbers 
OK667067, OK667068, OK667069, and 
OK667070. Subsequent phylogenetic 
analysis indicated that evaluated se-
quences were clustered within the BDV-1 
genotype (Figure 1).

Discussion
Border disease virus is reported globally 
as an important pathogen with at least 
8 genotypes, from BDV-1 to BDV-8.14 De-
tection in diverse species of even-toed 
ungulates, including sheep, goats, cattle, 
chamois, and pigs, has been previously 
reported.15-17 Border disease virus in-
fection in sheep produces clinical signs 
ranging from mild to severe including 
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Figure 1: Phylogenetic tree based on partial border disease virus Npro sequence. Phylogenetic inference was conducted 
using the maximum likelihood method. Distances were computed using Kimura 2 parameter model. Reference sequences 
are identified by GenBank accession numbers. Sequences obtained in this study are labeled in red. BDV = border disease 
virus; CSFV = classical swine fever virus; BVDV = bovine viral diarrhea virus.

 

reproductive failure, congenital disor-
ders, and abnormal body conforma-
tion.18 In addition, congenital infection 
occurring during the first half of gesta-
tion may lead to abortion and stillbirth, 
the birth of lambs with malformations, 
and the birth of PI animals if BDV in-
fection occurs before day 60 of gesta-
tion.19 These animals represent the main 
source of infection and maintenance of 
BDV in the animal population.20 Fetal 
death may occur at any stage of gesta-
tion. However, it is more common in fe-
tuses infected early in gestation.15 Sever-
ity of clinical signs depend on the timing 
of infection during pregnancy, the viru-
lence of the infecting strain, and the 
susceptibility of the species infected.15 

Seroprevalence may vary from 5% to 
90% among sheep populations depend-
ing on the region surveyed.17,21 

Mexico has been recognized as CSFV 
free since 2015; however, active epide-
miological surveillance is maintained 
to detect any indication of CSFV infec-
tion.22,23 Therefore, serological assays 
have been conducted to determine the 
prevalence of pestivirus infections in 
pigs. The prevalence of BDV antibod-
ies was investigated in pigs nationwide 
from 2011 to October 2021 revealing 
an estimated 41.17% seroprevalence.24 
Likewise, during a national screen-
ing for pestivirus in cattle, 3 cases 
were found to be BDV positive; genetic 

characterization typed the Mexican 
strains as BDV-1.5 These findings highly 
suggest BDV circulation in pig and cattle 
populations in Mexico, probably due to 
natural infection through close contact 
among ruminants and pigs since it ap-
pears to be the most crucial risk factor 
for interspecies transmission.25 Con-
versely, no BDV seroconversion was de-
tected in this study. This is due to serum 
sample collection occurring in an early 
stage of the BDV infection; therefore, no 
detectable antibodies were produced by 
the time of sampling. Previous studies 
of experimentally BDV-inoculated sows 
showed seroconversion after 3 weeks 
post inoculation.26 
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Natural and experimental infection 
studies have demonstrated the suscep-
tibility of domestic pigs to BDV strains. 
Border disease virus infection in pigs 
leading to mild or inapparent manifesta-
tions has been described elsewhere.9,26 
One study showed that BDV-infected 
pigs with no clinical signs and no histo-
pathological lesions could shed the virus 
through oronasal secretions from 3 to 7 
days post infection and became viremic 
at 3 to 14 days post infection.17 In 1996, 
the Frijters strain was isolated from 
congenitally infected piglets and geneti-
cally characterized as a BDV strain able 
to infect pigs and is circulating among 
large populations in Europe.10 Roehe et 
al12 detected a virus genetically more re-
lated to BDV than CSFV or BVDV from a 
severe clinical manifestation in weaned 
pigs showing hemorrhagic lesions at 
necropsy. Nonetheless, an association 
among histopathological lesions and 
the presence of viral antigen is required 
to confirm the causative agent. Simi-
larly, in northern and western France, 
the use of a BDV-contaminated vaccine 
elicited eyelid edema, locomotor dis-
orders, decay, and spontaneous death 
in piglets and sows; at necropsy, hem-
orrhagic lesions were similar to those 
observed with CSFV. In addition, these 
animals showed persistent infection and 
immunotolerance.27 

Our study describes the detection of BDV 
in mesenteric ganglia, tonsil, and blood 
samples from pigs with severe clinical 
disease suggesting the BDV infection 
was present in the surveyed animals. 
We performed sequencing and genetic 
characterization by phylogenetic infer-
ence using Npro sequence in all RT-PCR 
detected BDV strains, which revealed a 
close relationship to the BD31 strain  
(Figure 1). This was similar to the char-
acterized BDV strain detected on a pig 
farm with no ruminants in Japan.28 The 
BDV-1 genotype has also been detected 
as the circulating BDV strain in the Unit-
ed States, the United Kingdom, Austra-
lia, and New Zealand.29-31 

Border disease virus has been detected 
in serum samples from cattle in Mexi-
co.5 Serological evidence of BDV infec-
tion in pigs has also been recorded.24 
No virus isolation was obtained in this 
study, which is similar to other studies 
among the surveyed populations.28,32 

At the same time, PPV was detected on 
both sets of tissues tested. Porcine par-
vovirus is considered endemic in swine 
populations worldwide and one of the 
major viral pathogens causing reproduc-
tive failure.33 Despite its detection, PPV 
is mainly associated with reproductive 
disorders summarized under the acro-
nym SMEDI (stillbirth, mummifications, 
embryonic death, and infertility), with 
clinical disease restricted to pregnant 
sows or gilts. In piglets, PPV infection 
does not cause clinical disease.34 More-
over, the immunosuppression caused 
by BDV and PPV can increase the risk of 
opportunistic infections.15 The detec-
tion of ubiquitous Mycoplasma species 
in surveyed samples is not unexpected; 
however, it might be associated with an 
immunosuppressive event.35

In this case, the clinical disease presen-
tation cannot only be associated with 
BDV infection since the lack of sero-
logical assay evidence and absence of 
pathological evaluations prevented us 
from determining BDV as the causative 
agent post event. Nevertheless, oppor-
tunistic pathogens could be involved in 
the severe clinical disease and should be 
considered. 

Finding BDV in the national swine popu-
lation has relevant implications in a coun-
try where CSFV eradication has been 
achieved as serological tests will not dif-
ferentiate among BDV, BVDV, or CSFV in-
fections.28 This is the first report of BDV 
in pigs in Mexico, and BDV-positive serol-
ogy reinforces the suggestion that BDV 
can be considered an endemic virus. The 
latter highlights the need for implemen-
tation of accurate swine diagnostic tests 
able to detect and discriminate among 
pestiviruses and other pathogens with 
similar pathologies to determine the de-
finitive cause of disease. Furthermore, 
surveys are needed to determine the oc-
currence of BDV in pigs and the impact 
on swine health and production.

Implications
•  BDV was detected in seronegative 

pigs from Mexico.
•  For seronegative domestic pigs, BDV 

remains a potential risk.
•  Detecting BDV transmission in 

domestic pigs can be diagnostic 
challenge.
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